[Abstract] Chlamydomonas reinhardtii is frequently used as a model organism to study fundamental processes in photosynthesis, metabolism, and flagellar biology. Versatile tool boxes have been developed for this alga (Fuhrmann et al., 1999; Schroda et al., 2000; Schroda, 2006) . Among them, forward genetic approach has been intensively used, mostly because of the high efficiency in the generation of hundreds of thousands of mutants by random insertional mutagenesis and the haploid nature therefore phenotypic analysis can be done in the first generation (Cagnon et al., 2013; Tunçay et al., 2013) . A major bottleneck in the application of high throughput methods in a forward genetic approach is the identification of the genetic lesion(s) responsible for the observed phenotype. In this protocol, we describe in detail an improved version of the restriction enzyme site-directed amplification PCR (RESDA-PCR) originally reported in (González-Ballester et al., 2005) . The improvement includes optimization of primer combination, the choice of DNA polymerase, optimization of PCR cycle parameters, and application of direct sequencing of the PCR products. These modifications make it easier to get specific PCR products as well as speeding up subcloning steps to obtain sequencing data faster.
Materials and Reagents
be tested, and each of them contains a sequence-specific part (Q0 at the 5' end) and a degenerate part (3' end). The PCR product will be used as a template for a second round of PCR amplification (the 2 nd PCR amplification) with the use of two sequence-specific primers. Degenerate primers (DegTaqI, DegPstI, DegAluI and DegSacII, including Q0) and the marker gene (AphVIII) specific primers (RB1 and RB4) are shown in Table 1 . 
www.bio-protocol.org/e2718 *Gene-specific primers (RB1 and RB4) can be designed based on the type of marker gene (i.e.,
AphVII, Ble and aadA) used for mutagenesis.
The first amplification
In the 1 st amplification, the AphVIII gene-specific primer (RB1) and one of the degenerate primers are used to amplify a fragment flanking the antibiotic marker gene AphVIII from the genomic DNA purified from the mutant. Four independent reactions can be set up by using four different degenerate primers and RB1, respectively. The composition of the PCR reaction mixture and cycling program are shown in Table 2 and Table 3 , respectively. And finally 68 °C, 5 min *Each cycle contains thirteen steps sequentially; and totally twenty cycles were set up.
The second amplification
To get more specific PCR products, the maker gene-specific primer (RB4) and the specific primer (Q0) at the 5' end of degenerate primers are used to amplify using the PCR from the 1 st amplification as a template (One µl diluted PCR products (1/1,000) from 1 st amplification). The composition of the PCR reaction mixture and cycling program are shown in Table 4 and Table   5 , respectively. C. Agarose-gel electrophoresis and DNA fragments purification 1. Separate the PCR products from the 2 nd amplification on 1.0% agarose gel at 100 V for 30 min by electrophoresis, and then stain the gel with SYBR Safe (1/1,000) and take image with a GelDocXR System (Bio-Rad Laboratories). Some representative results are shown in Figure 2 , and the examples of RESDA-PCR success rate after amplification by four independent degenerat primers and RB1, followed by further amplification with RB4 and Q0 primers are shown in Table 6 .
2. Cut-off the well-separated PCR products (marked with *) from the gel and purify using the NucleoSpin Gel and PCR Clean-up Kit (MACHEREY-NAGEL) according to manufacturer's instructions. Since the recovered PCR products generated by proofreading polymerases (KOD Xtreme Hot Start DNA polymerase) are blunt-end, in this protocol pCR II-Blunt-TOPO vector is used. Other Taq DNA polymerase can also be used in this step.
1. Directly ligate the recovered fragments to pCR II-Blunt-TOPO vector. This step can be completed within 5 min without adding a single deoxyadenosine (A) to the 3' ends of PCR products. Add the ligation reaction components into a tube as described in Table 7 , mix gently and incubate for 5 min at 22 °C.
Note: pCR-Blunt II-TOPO allows direct selection of recombinants via disruption of the lethal E.
coli gene, ccdB (Bernard et al., 1994) . Cells that contain a non-recombinant vector are killed upon plating.
The ligated products are transformed into One Shot competent cells (Thermo Fisher Scientific)
according to manufacturers' instructions. Transformants are selected on LB agar plates containing 50 μg ml -1 kanamycin (37 °C for overnight). 2. Sequence the purified plasmids using the T7 universal primer, and example of sequencing results for one representative mutant is shown in Figure 3 . 
Data analysis
The obtained sequences were firstly blasted against AphVIII expression cassette to confirm whether the RESDA-PRC fragment contains sequences of this cassette. If it is so, the obtained sequences were subsequently blasted against the genome of C. reinhardtii (v5.5 at Phytozome) (Merchant et al., 2007) to identify the flanking sequences around the cassette insertion site. The targeted genes of interest, i.e., maintenance-type DNA methyltransferase and acyl-CoA oxidase gene, were further studied by molecular genetics and biochemical analysis as we previously described (Kong et al., 2015 and 2017) . All the experiments were performed in three biological replicates, and three plasmids of every single colony (containing PCR fragment) were sequenced, respectively. Statistical analysis was performed with SPSS program (version 19.0).
Notes
1. This method is easily applicable to other insertional mutagenesis where marker genes other than AphVIII are used. Design of gene-specific primers is needed in this case.
2. In 1 st PCR amplification, it is essential to use Taq DNA polymerase (i.e., NEB) that has no proofreading activity (lacking 3' to 5' DNase activity) to avoid the degradation of degenerate primers (containing inosine) hybridized to the genomic DNA. DMSO is used to reduce the hydrogen bonds in single-stranded DNA hairpin structures. We found out that the amplification with the DegPstI and DegTaqI degenerate primers had a higher probability of producing PCR products.
3. In 2 nd amplification, the diluted PCR product from the 1 st PCR reaction at 1/1,000 was found to be the best situation to have higher chances of amplification. The PCR product often ranges from 0.8 kb to 1.5 kb. If the PCR product is specific with sufficient amount, it can be recovered and sequenced directly, i.e., without going through the step of cloning.
4. pCR II-Blunt-TOPO vector is alternative for subsequent cloning of DNA fragment; it is also possible to use universal TA Cloning techniques for sub-cloning and DNA sequencing.
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